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INTRODUCTION 

The  Soil  Conservation  Service  estimated  the  potential  for  water  con- 
servation and  salvage  on  irrigated  lands  in  Montana  as  a part  of  the 
Western  United  States  Water  Plan. 

This  study  was  to  determine  impacts  that  irrigation  water  conservation 
and  salvage  would  have  on  irrigated  agriculture  in  Montana  on  a county 
basis.  Inventories  and  evaluations  were  conducted  of  existing  irrigation 
systems,  their  efficiencies,  and  levels  of  management  to  estimate  the 
opportunities  for  improving  water  conservation.  The  potential  was  also 
evaluated  for  improving  existing  irrigation  systems  and  their  management. 
Estimates  of  costs  to  install  these  improvements  were  made.  Impacts  of 
these  improvements  on  water  use  efficiency,  water  supply,  water  quality, 
and  crop  production  were  estimated. 

Complete  determination  of  the  potential  for  water  salvage  requires 
that  information  be  collected  on  location,  acreage,  and  acre-feet  of  water 
used  by  riparian  and  natural  phreatophytes  on  nonirrigated  areas  and  of 
incidental  losses  in  irrigated  areas.  Due  to  limited  potential  for  treat- 
ment of  these  natural  phreatophyte  areas  and  lack  of  available  acreage 
information  in  Montana,  these  data  were  not  developed. 

Results  of  this  study  evaluating  the  potential  for  water  conservation 
should  be  useful  to  water  resource  decision-makers  in  Montana. 

PROCEDURE 

The  study  was  conducted  under  the  direction  of  the  SCS  River  Easin 
Planning  Staff.  An  engineer  was  assigned  in  each  of  six  SCS  areas  in 
Montana  to  work  with  District  Conservationists  to  tabulate  existing. 
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needed,  and  potential  water  conservation  measures  and  to  develop  present 
and  future  water  and  salt  budgets  for  each  county  in  Montana.  Available 
data  such  as  SCS  "99"  reports,  Conservation  Needs  Inventory,  Census  of 
Agriculture,  river  basin  reports.  State  of  Montana  reports,  and  county 
reports  were  used.  Reliance  was  given  to  experience  and  knowledge  of  SCS 
field  office  staffs  whenever  better  data  were  unavailable.  Field  estimates 
were  used  to  develop  much  of  the  data  for  this  report  due  to  a lack  of 
existing  data.  It  is  expected  that  this  report  will  provide  a foundation 
for  future  studies.  Narrative  summaries  and  conclusions  were  prepared  for 
each  county. 

County  data  were  checked,  tabulated,  and  summarized  by  hydrologic 
regions  and  totaled  for  Montana.  These  data,  with  descriptions  of  the 
irrigated  base  and  potential  of  water  conservation  and  its  impacts,  con- 
stitute the  report. 

Although  water spreading  is  not  usually  included  with  irrigation,  it 
has  been  included  in  this  study.  Waterspreading  constitutes  a limited 
application  of  water  to  land,  but  can  be  a very  productive  practice.  Water 
is  diverted  from  intermittent  streams  for  irrigation  of  adjacent  lands. 

Water  is  generally  available  only  for  short  periods  of  time  with  one  Irri- 
gation or  less  expected  in  a normal  year. 

Three  maps  have  been  included  in  this  report — Montana's  Subbasins, 
Montana's  Irrigated  Acres,  and  Montana  Crop  Consumptive  Irrigation  Require- 
ments. 

The  Map  of  Crop  Consumptive  Irrigation  Requirements  was  developed 
using  the  SCS  Irrigation  Guide  For  Montana  and  is  based  on  50  percent  chance 
effective  rainfall  to  determine  annual  requirements.  This  map  was  used  to 
estimate  irrigation  water  requirements. 
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IRRIGATION  IN  THE  STATE  OF  MONTANA 


Irrigated  agriculture  in  Montana  dates  back  to  the  early  1840’s.  The 
first  agriculture  was  practiced  in  1842  by  Father  DeSmet  at  St.  Mary's  Mission 
near  Fort  Owen  in  what  is  now  Ravalli  County.  The  first  irrigation  was  on 
gardens  of  this  mission.  The  first  water  right  officially  filed  in  Montana 
was  for  lands  around  Fort  Owen  in  1852. 

Early  settlers  in  Montana  obtained  land  under  provisions  of  the  Homestead 
Law  of  1862  and  the  Desert  Land  Act  of  1877.  The  former  act  gave  160  acres  of 
land  to  anyone  who  settled  on  it  and  put  it  in  cultivation.  The  latter  gave 
640  acres  of  land  to  anyone  who  would  irrigate  it  and  pay  the  government  $1.25 
per  acre.  In  1890,  filings  under  the  Desert  Land  Act  were  reduced  to  320 
acres.  Construction  of  ditches  on  desert  claims  was  in  compliance  for  title 
to  land,  rather  than  for  irrigation,  and  little  attention  was  paid  to  the 
water  supply  available.  Consequently,  miles  of  ditches  were  dug  through  which 
no  water  ever  flowed.  This  is  especially  true  in  drier  parts  of  Montana  where 
diversions  were  made  from  intermittent  streams. 

In  the  more  fertile  mountain  valleys,  irrigation  was  given  more  importance 
than  in  the  plains  country.  Live  streams  provided  a dependable  source  of  water 
and  ditches  which  tapped  them  were  designed  to  actually  carry  water--not  merely 
to  comply  with  a legal  requirement  to  obtain  title  to  land.  Thus,  the  right  to 
diversion  and  use  of  water  for  irrigation  became  as  important  as  acquisition  of 
title  to  the  land. 

Because  of  low  annual  precipitation  in  the  lower  agricultural  valleys  of 
the  west  and  eastern  plains  areas,  irrigation  is  very  essential  to  a viable 
agriculture  in  Montana.  Dryland  farming  prospered  in  the  early  1900's  under 
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• 10,000  Acres  Irrigated 


conditions  of  abnormal  rainfall  and  high  prices,  but  is  generally  limited  to 
small  grain  and  fallow  today.  Most  of  the  other  crops  grown  in  Montana  are 
raised  under  irrigation.  The  importance  of  irrigation  to  produce  hay  for 
winter  feed  for  livestock  was  brought  home  early  during  the  severe  winter  of 
1886-87.  Because  of  lack  of  winter  feed  and  protection  from  cold,  60  percent 
of  the  range  cattle  were  said  to  have  been  lost. 

Montana  has  nearly  66  million  acres  of  range,  pasture,  and  grazable  wood- 
land or  about  71  percent  of  the  93  million  acres  of  land  area.  About  18 
percent  of  the  land  area  or  17.2  million  acres  are  cropland.  Cropland  acreages 
are  broken  down  as  follows: 

Million 

Acres 


Dry  cropland 

13.3 

Dry  tame  pasture 

1.3 

Irrigated  cropland 

1.8 

Irrigated  pasture 

0.5 

Water spreading 

0.3 

About  79  percent  of  the  2.6  million  acres  of  irrigated  land  is  in  irrigated 
hay  and  pasture  producing  forage  for  Montana’s  livestock.  Irrigated  hayland 
produces  62  percent  of  the  hay  harvested,  in  Montana.  This  hay  is  vital  to 
stability  of  the  livestock  industry  and  maintenance  of  the  rangeland  resource. 
Other  irrigated  crops  include  small  grains,  corn  silage,  sugar  beets,  and 
beans . 

Cash  sales  of  agricultural  products  in  Montana  in  1969  were  nearly 
576  million  dollars,  with  an  average  of  about  $23,100  per  farm.  Livestock 
sales  accounted  for  67  percent  of  total  sales.  There  were  24,953  farms  in 
Montana  in  1969  according  to  the  Census  of  Agriculture.  Over  9,000  of  these 
farms  have  some  irrigated  land . 
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Irrigated  agriculture  is  still  growing  in  Montana.  Most  of  the  irrigable 
land  that  can  be  easily  reached  by  gravity  diversion  has  been  developed.  The 
Montana  Department  of  Natural  Resources  and  Conservation  has  mapped  an  addi- 
tional 11.5  million  acres  of  land  that  could  be  irrigated  if  a supply  of  water 
were  physically  and  economically  available.  See  table  1. 

This  study  deals  only  with  lands  that  are  irrigated  today.  All  new  irri- 
gation is  expected  to  meet  or  surpass  the  projected  year  2000  efficiencies. 

The  state  was  divided  into  four  hydrologic  areas  or  subbasins  for  this 
study:  the  Upper  Columbia,  Little  Missouri,  Yellowstone,  and  Upper  Missouri. 

The  Upper  Missouri  includes  the  area  that  drains  into  the  Hudson  Bay.  In  sub- 
sequent discussion  of  the  subbasins,  the  Little  Missouri  is  included  with  the 
Yellowstone  Subbasin. 

Montana  has  large  quantities  of  water  for  irrigation.  Annual  water  pro- 
duction in  Montana  averages  over  35  million  acre-feet.  There  is  an  inflow 
from  Wyoming  and  Canada  of  another  13  million  acre-feet.  See  table  II.  Even 
with  this  abundant  quantity  of  water,  the  state  is  over  two  million  acre-feet 
short  of  meeting  today's  diversion  requirements  of  15  million  acre-feet.  See 
table  Ill-a.  Mountain  snowpack  is  the  primary  source  of  Montana's  water. 
Streamflows  diminish  during  the  summer  and  late  season  shortages  occur, 
especially  on  smaller  streams.  More  storage  reservoirs  are  needed  to  supple- 
ment late  season  needs  along  with  more  efficient  irrigation  systems.  Antici- 
pated construction  of  late  season  storage  and  improved  irrigation  systems 
could  reduce  this  shortage  to  about  600,000  acre-feet  by  year  2000.  See 
table  Ill-b.  Most  of  the  remaining  shortage  will  be  on  waterspreading  systems 
in  the  state.  Areas  where  waterspreading  is  practiced  are  generally  low  water- 
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producing  areas  and  there  is  very  little  opportunity  to  provide  a full  supply. 
Wherever  a full  water  supply  is  developed  for  waterspreading,  the  lands  are 
reclassified  as  irrigated. 

Only  34  percent  of  the  irrigated  lands  have  adequate  off-farm  conveyance 
systems.  For  this  study,  conveyance  systems  were  considered  adequate  when  they 
were  capable  of  delivering  an  adequate  supply  with  a reasonable  efficiency. 
Today’s  conveyance  systems  deliver  only  one-half  of  the  diverted  water  to  the 
farms  due  to  conveyance  losses.  Canal  consolidation,  canal  lining,  new  mea- 
suring devices,  and  other  water  control  structures  could  improve  conveyance 
efficiency  to  66  percent  by  year  2000.  See  tables  IV-a  and  V-a. 

Nearly  one-half  of  the  irrigated  lands  need  improved  off-farm  return 
systems  to  provide  outlets  for  surface  and  drainage  waters.  The  other  lands 
either  have  natural  or  adequately  constructed  outlets.  Improved  conveyance 
and  on-farm  systems  and  better  water  management  would  reduce  the  need  for 
drainage  outlets.  Another  1,740  miles  of  main  drains  and  waterways  should 
be  added  to  the  existing  2,650  miles  by  year  2000  to  provide  additional 
drainage  outlets.  Ecological  and  environmental  restraints  and  availability 
of  replacement  lands  reduce  the  opportunity  to  provide  adequate  return 
systems.  It  is  anticipated  that  many  of  the  wet  and  seeped  lands  will 
remain.  Improved  conveyance  and  on-farm  irrigation  systems  and  better  water 
management  would  halt  further  development  of  seeped  lands. 

Only  one-quarter  of  the  irrigated  lands  in  Montana  have  adequate  on-farm 
irrigation  systems,  and  only  one-half  of  these  obtain  good  irrigation  water 
management.  There  is  great  need  to  improve  on-farm  systems  and  irrigation 
water  management.  Conversion  to  sprinkler  and  automated  surface  irrigation 
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systems,  along  with  an  intensive  training  program  in  water  management,  offer 
the  best  opportunities  to  improve  on-farm  irrigation  water  use.  Only  five 
inches  of  every  twelve  inches  of  water  delivered  to  the  farm  are  being  used 
by  crops.  This  is  expected  to  increase  to  about  six  and  one-half  inches  of 
every  twelve  by  year  2000.  See  table  IV-b  and  V-b. 

Today  only  one  irrigated  acre  in  ten  has  an  adequate  water  supply,  con- 
veyance system,  on-farm  system,  and  return  system  and  receives  good  irrigation 
water  management.  Today  about  4.9  acre-feet  are  diverted  for  every  acre-foot 
used  by  crops.  By  year  2000  only  2.9  acre-feet  are  expected  to  be  diverted 
for  each  acre-foot  used  by  crops.  This  improvement  in  efficiencies,  irriga- 
tion water  management,  and  additional  late  season  storage  would  provide  an 
adequate  water  supply  to  most  of  the  existing  irrigated  lands  with  the  excep- 
tion of  waterspreading  systems.  See  tables  Vl-a  and  Vl-b. 

Improved  irrigation  systems  would  also  reduce  salinity  of  irrigation  return 
flows.  Today,  irrigation  may  be  responsible  for  about  10  percent  of  the  salt 
load  in  waters  leaving  the  state.  The  anticipated  improvements  should  lower 
irrigation's  contribution  to  about  two  percent.  See  table  VII. 

The  treatment  opportunities  listed  in  table  V include  only  needs  that 
have  a "real"  opportunity  of  being  met  by  year  2000.  Present-day  costs  of 
these  improvements  are  estimated  at  nearly  three-quarters  of  a billion  dollars 
or  about  $275  per  acre.  See  table  VIII. 

Impacts  of  increased  supply,  more  efficient  conveyance  systems,  and 
improved  on-farm  irrigation  systems  and  management  are  substantial  and  include 
1.  Providing  a 94  percent  adequate  supply  to  existing  irrigated  acres  in 
Montana. 
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2.  An  annual  decrease  in  withdrawals  or  diversions  of  over  four  million 
acre-feet . 

3.  An  annual  decrease  in  seepage  of  over  3-1/2  million  acre-feet. 

4.  An  annual  decrease  in  salt  pickup  of  nearly  1-1/2  million  tons. 

5.  Improving  or  reclaiming  wet  and  seeped  lands  and  arresting  their 
development . 

6.  A substantial  increase  in  productivity  of  irrigated  land  due  to  better 
water  supply,  improved  management,  and  higher-valued  crops. 

Figures  I-a  and  I-b,  Irrigation  Water  Budgets  for  today  and  year  2000, 
show  the  effect  that  improvement  of  irrigation  practices  would  have  on  the 
water  resource  of  Montana.  A significant  decrease  is  noted  in  gross  diver- 
sions and  conveyance  and  farm  losses  while  an  increase  is  expected  in  crop 
use  and  total  depletion  resulting  in  little  or  no  change  in  water  outflow 
from  Montana. 

Rates  of  application  of  conservation  practices  would  have  to  be  acceler- 
ated in  order  to  accomplish  needs  by  year  2000.  Nearly  30  million  dollars 
would  have  to  be  spent  annually  as  compared  with  about  16  million  dollars 
spent  for  all  soil  and  water  conservation  work  in  Montana  during  fiscal  year 
1973.  An  intensive  water  management  education  program  is  needed  to  meet 
projected  on-farm  irrigation  efficiencies  by  year  2000. 

UPPER  COLUMBIA  SUBBASIN  OF  MONTANA 
The  Upper  Columbia  Subbasin  is  that  portion  of  Montana  west  of  the 
Continental  Divide.  Most  of  it  is  drained  by  the  Clark  Fork  of  the  Columbia 
river  system,  including  the  Bitterroot,  Blackfoot,  and  Flathead  Rivers.  The 
extreme  northwest  corner  is  drained  by  the  Kootenai  River  entering  Montana 


-10- 


FIGURE  la 


IRRIGATION  WATER  BUDGET 

STATE  OF  MONTANA 
(thousand  acre-feet) 


Depletion 

3,467 


Water 

Yield 

35,447 


Total 

Water 

Supply 

48,455 


Outflow 

44,988 


Infl  ow 
13,008 


Present  Day 


FIGURE  lb 

IRRIGATION  WATER  BUDGET 

STATE  OF  MONTANA 
(thousand  acre-feet) 


Depleti on 
3,701 


Surface 

Water 

Yield 

Total 

35,447 

Water 

Supply 

Outflow 

48,455 

44,754 

Inflow 

13,008 


Year  2000  - 


i 


-12- 


from  Canada.  Both  the  Clark  Fork  of  the  Columbia  and  Kootenai  Rivers  flow  into 


Idaho. 

The  subbasin  is  an  area  of  diverse  topography.  The  primary  land  forms 
are  mountain  ranges  separated  by  countless  streams.  A green  forest  mantle 
covers  the  mountains  while  farms  and  ranches  occupy  rather  narrow  valley  areas. 

The  climate  is  greatly  influenced  by  elevation  and  topographic  features. 
Summers  are  typically  warm  with  little  rainfall,  while  winter  temperatures 
average  below  freezing  for  long  periods.  Windward  sections  of  the  high  mountains 
will  receive  as  much  as  100  inches  of  precipitation  annually,  while  those  areas 
in  the  rain  shadows  seldom  get  more  than  10  inches.  Low  valley  lands  along  the 
rivers  generally  average  from  10  to  20  inches  of  precipitation  annually. 

The  major  source  of  water  for  this  subbasin  is  snow  which  falls  in  the 
higher  forested  mountain  areas.  Practically  all  the  high  mountain  ranges 
contribute  from  30  to  50  inches  of  runoff  annually.  The  valley  and  foothill 
areas  generally  receive  so  little  precipitation  that  their  contribution  to 
streamflow  is  negligible.  About  17,970,000  acre-feet  of  water  are  produced 
annually  in  this  subbasin,  which  is  about  50  percent  of  the  surface  water  yield 
of  Montana.  Another  6,159,000  acre-feet  flow  into  the  subbasin  from  Canada. 

See  table  II. 

There  are  about  16,097,000  acres  in  the  Upper  Columbia  Subbasin  with  only 
2.3  percent  or  436,700  acres  irrigated.  Irrigated  pasture  (28  percent)  and 
hay  (57  percent)  are  the  major  irrigated  crops.  Irrigated  hay  production 
accounts  for  78  percent  of  the  hay  produced  in  the  subbasin.  There  are  4,025 
farms  in  the  subbasin  with  62  percent  having  irrigated  land.  In  1969,  the 
total  value  of  agricultural  products  sold  was  48  million  dollars  for  an  average 
of  $11,800  per  farm. 
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Gross  diversion  of  streamflow  for  irrigation  is  about  1,539,000  acre-feet 
or  8.6  percent  of  the  water  produced  in  the  subbasin.  Irrigation  and  associated 
uses  consume  only  528,000  acre-feet  or  2.9  percent  of  the  17,970,000  acre-feet 
of  water  produced  in  the  subbasin.  Even  with  the  great  abundance  of  water, 

262.000  acres  (60  percent  of  the  irrigated  land)  have  a supply  shortage  of 

484.000  acre-feet  at  the  point  of  diversion.  See  table  Ill-a.  Most  of  the 
mountain  snowpack,  the  source  of  irrigation  water,  usually  has  melted  by  the 
end  of  June,  resulting  in  late  summer  water  shortages,  especially  on  smaller 
streams.  Irrigation  reservoir  storage  of  244,000  acre-feet  has  been  built  to 
supplement  late  season  irrigation  needs.  Another  110,000  acre-feet  of  reser- 
voir storage  for  late  season  use  is  expected  to  be  constructed  by  year  2000. 

This  storage  along  with  additional  diversions  and  pumping  from  larger  streams, 
ground-water  developments,  and  improved  efficiencies,  would  reduce  the  water 
supply  shortage  to  about  98,000  acre-feet.  See  table  Ill-b.  Most  of  this 
remaining  shortage  will  exist  on  the  Flathead  Irrigation  Project  in  Lake 
County.  Any  remaining  shortages  in  this  area  could  be  pumped  from  the  Flat- 
head  River,  but  this  is  not  expected  due  to  high  pump  lift  and  associated 
costs. 

There  are  approximately  4,500  miles  of  canals  and  laterals  in  off-farm 
conveyance  systems  of  this  basin.  About  42  percent  of  the  irrigated  land 
has  an  adequate  conveyance  system.  Only  1.6  percent  of  existing  canals  and 
laterals  have  been  lined  or  placed  in  pipelines.  Only  55  percent  of  the  water 
diverted  is  delivered  to  the  farm,  which  means  697,000  acree-feet  are  lost  by 
off-farm  conveyance  systems.  See  table  IV -a. 

The  installation  of  395  miles  of  canal  consolidation,  204  miles  of  canal 
lining,  and  6,025  canal  structures  is  needed  by  year  2000.  This  would  improve 
the  off-farm  conveyance  system  efficiency  to  61  percent.  See  table  V-a. 


-14- 


Only  18  percent  of  presently  irrigated  land  has  an  inadequate  return 
system.  Generally,  land  slope  and  natural  drainage  are  adequate  to  handle 
excess  natural  and  irrigation  waste  waters.  Another  290  miles  of  new  main 
drains  should  be  added  to  the  existing  460  miles  of  off-farm  drains.  See 
table  V-a. 

Approximately  38  percent  or  166,900  acres  of  the  438,700  irrigated  acres 
have  adequate  on-farm  irrigation  systems  with  only  26  percent  or  115,100  acres 
having  good  irrigation  water  management.  See  table  IV -b.  Only  49  percent  of 
the  water  delivered  to  the  farm  is  being  used  by  crops.  Extensive  conversion 
from  surface  flood  irrigation  to  sprinkler  irrigation  is  improving  on-farm 
irrigation  efficiency.  Sprinkler  irrigation  is  being  used  on  143,400  acres 
or  33  percent  of  the  irrigated  lands  today.  The  amount  of  sprinkler  irriga- 
tion is  expected  to  double  by  year  2000.  See  table  V-b.  The  conversion  to 
sprinkler  and  other  on-farm  improvements,  along  with  better  irrigation  water 
management,  would  improve  on-farm  efficiency  to  about  55  percent  by  year  2000. 
The  overall  combined  irrigation  efficiency  of  27  percent  today  could  be 
improved  to  34  percent  by  year  2000  by  installation  of  water-conserving  prac- 
tices and  better  management.  Present-day  costs  of  these  improvements  are 
estimated  at  98  million  dollars  or  about  $223  per  acre.  See  table  VIII. 

Effects  of  increased  supply,  more  efficient  conveyance  systems,  and 
improved  on-farm  irrigation  systems  and  management  include: 

1.  Providing  a 94  percent  adequate  supply  to  presently  irrigated  acres — an 
increase  from  a 76  percent  supply. 

2.  An  annual  decrease  in  withdrawals  of  about  32,000  acre-feet. 

3.  An  annual  decrease  in  seepage  of  120,000  acre-feet. 

4.  An  annual  decrease  in  salt  pickup  of  36,000  tons. 
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5.  Improving  or  reclaiming  wet  and  seeped  lands  and  arresting  their 
development . 

6.  Substantially  increased  yields  due  to  adequate  supply  and  improved 
management . 

Figure  II  compares  the  present-day  irrigation  water  budget  with  year  2000 
showing  the  effect  of  irrigation  improvements.  The  major  effect  in  this  sub- 
basin is  a substantial  increase  in  crop  use  without  an  increase  in  diversion. 
Note  that  crop  use  is  a minor  amount  of  the  overall  water  supply  of  the  sub- 
basin . 

Rates  of  application  for  improvements  of  off-farm  conveyance  systems 
would  have  to  be  accelerated  in  order  to  accomplish  needs  by  year  2000. 
Sprinkler  irrigation  acreage  would  have  to  be  more  than  doubled  and  an  inten- 
sive water  management  education  program  is  needed  to  meet  projected  on-farm 
irrigation  efficiencies  by  year  2000. 

UPPER  MISSOURI  SUBBASIN 

The  Upper  Missouri  Subbasin  is  that  portion  of  Montana  draining  into 
the  Missouri  River  above  the  confluence  with  the  Yellowstone  River  and  is 
a part  of  the  Missouri  River  system.  A small  portion  of  Montana  that  drains 
into  the  Hudson  Bay  is  included  with  the  Upper  Missouri  Subbasin  for  purposes 
of  this  study. 

The  Jefferson,  Gallatin,  and  Madison  Rivers  in  southwestern  Montana  are 
the  headwaters  of  this  subbasin.  The  confluence  of  these  three  rivers  is  the 
beginning  of  the  Missouri  River.  Other  major  rivers  in  this  subbasin  include 
the  Sun,  Marias,  Judith,  Musselshell,  and  Milk  Rivers. 
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FIGURE  II 


IRRIGATION  WATER  BUDGET 

COLUMBIA  SUBBASIN 
(thousand  acre-feet) 


Depletion 

528 


Crop  Use 


Surface 

Water 

Total  yield 

Water  17,970 

Supply 
24,129 


Outflow 

23,601 


Inflow 

6,159 


Present  Day 


Total 

Water 

Supply 

24,129 


Surface 

Water 

Yield 

17,970 


Outfl ow 
23,486 


Inflow 

6,159 


Year  2000 


-17- 


The  two  major  physiographic  areas  which  characterize  this  subbasin  are 
the  western  mountainous  region  and  the  Missouri  plateau.  The  Rocky  Mountains 
and  Continental  Divide  form  the  western  boundary.  The  western  region  is 
characterized  by  alternating  prominent  mountain  ranges,  intermountain  basins, 
and  relatively  wide  valleys.  Minor  tributaries  have  steep  gradients,  and 
channels  generally  are  "V"-shaped.  The  streams  flow  through  steep  canyons 
before  they  reach  more  level  topography  of  the  plains  where  stream  gradients 
lessen.  The  mountainous  region  slopes  eastward  to  the  Missouri  Plateau  of 
the  interior  plains.  The  northern  portion  of  the  plateau  is  glaciated  and 
is  a broad  expanse  of  gently  rolling  topography.  Stream  dissection  and 
drainage  are  not  well  established  except  along  larger  tributaries.  The 
southern  portion  is  unglaciated  and  is  rolling  and  rather  thoroughly  dissected 
by  streams.  The  mountains  in  the  subbasin  are. forested,  while  the  plains  are 
grass  covered  interspersed  with  wheat  fields.  Irrigated  crops  are  generally 
limited  to  valley  lands. 

Several  factors  influence  the  climate  of  this  subbasin.  Cold  waves  flow 
south  out  of  the  Canadian  interior  frequently  during  the  winter.  The  rapid 
descent  of  relatively  warm  air  from  high  mountains  on  the  west,  causing  a 
"chinook"  wind,  often  gives  quick  and  substantial  relief  from  periods  of  cold. 
The  subbasin  position  on  the  North  American  land  mass  results  in  relatively 
warm  temperatures  in  summer  and  low  temperatures  in  winter.  The  plains  rarely 
receive  more  than  14  inches  of  moisture  annually,  mostly  as  rainfall  between 
April  and  August,  while  the  higher  mountains  receive  as  much  as  100  inches 
annually. 

The  Upper  Missouri  Subbasin  receives  most  of  its  waters  from  snowpack  in 
the  mountains.  The  valley,  foothill,  and  plains  areas  contribute  very  little 

-18- 


m 


to  streamflow.  About  11,221,000  acre-feet  of  water  in  the  Upper  Missouri 
Subbasin  and  1,204,000  acre-feet  in  the  Hudson  Bay  Subbasin  are  produced 
annually  for  a total  of  12,425,000  acre-feet.  See  table  II. 

There  are  about  53,121,000  acres  in  the  Upper  Missouri  and  Hudson  Bay 
Subbasins,  with  2.8  percent  or  1,472,500  acres  under  irrigation.  Irrigated 
pasture  (22  percent)  and  hay  (64  percent)  are  the  major  irrigated  crops. 

Nearly  62  percent  of  the  hay  produced  is  harvested  from  irrigated  land.  In 
1969  there  were  13,763  farms  in  the  subbasins  with  30  percent  having  irri- 
gated land.  The  agricultural  product  sales  from  irrigated  farms  amounted 
to  about  342  million  dollars  with  a per  farm  average  of  $24,800. 

The  gross  diversion  of  streamflow  for  irrigation  is  about  7,149,000 
acre-feet  or  58  percent  of  the  surface  water  yield.  Water  consumed  by  irri- 
gation and  associated  uses  is  only  15  percent  of  the  annual  yield.  Of  one 
and  one-half  million  acres  irrigated,  44  percent  or  650,000  acres  need 
another  1,101,000  acre-feet  of  water  supply  at  the  diversion.  See  table  Ill-a. 
Nearly  189,000  of  these  acres  are  classified  as  water spreading.  Most  of  the 
other  supply-short  acres  are  irrigated  from  smaller  streams  that  are  short 
of  water  after  the  snowmelt  season.  Over  1,330,000  acre-feet  of  reservoir 
storage  has  been  constructed  to  supplement  late  season  needs.  Another 
542,000  acre-feet  of  storage  is  needed  by  year  2000.  This  added  storage, 
along  with  additional  diversions  and  pumping  from  larger  streams,  ground- 
water  development,  and  more  efficient  irrigation  will  reduce  the  shortage 
to  284,000  acre-feet  annually.  See  table  Ill-b.  Most  of  the  remaining 
shortage  will  be  for  waterspreading  systems  where  opportunities  for  storage 
usually  do  not  exist. 

Over  10,700  miles  of  canals  and  laterals  are  used  to  convey  irrigation 
water  to  the  farms.  About  30  percent  of  the  irrigated  lands  have  off-farm 
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conveyance  systems  that  are  adequate.  About  one  percent  of  off-farm  convey- 
ance systems  are  lined  or  in  pipe.  Only  48  percent  or  3,481,000  acre-feet  of 
the  water  diverted  reaches  the  farms.  The  rest  is  lost  through  seepage  or 
operational  losses.  See  table  IV-a.  About  1,020  miles  of  canal  consolidation, 
1,240  miles  of  canal  lining,  and  13,000  new  irrigation  structures  are  needed 
to  improve  conveyance  efficiency  to  62  percent  by  year  2000.  See  table  V-a. 

Off-farm  return  system  improvement  is  needed  for  72  percent  of  the  irri- 
gated lands.  Installation  of  990  miles  of  waterways  and  drains  are  expected 
by  year  2000.  See  table  V-a.  Reduction  of  canal  seepage  and  on-farm  losses 
will  play  an  important  part  in  solving  the  problem. 

About  309,000  acres  have  adequate  on-farm  irrigation  systems,  while  only 
132,000  acres  are  receiving  good  irrigation  water  management.  See  table  IV-b. 
Only  41  percent  of  the  water  delivered  to  the  farm  is  utilized  by  crops.  In 
order  to  increase  this  efficiency  to  56  percent  by- year  2000,  about  1,530 
miles  of  pipelines  and  canal  lining,  105,000  acres  of  land  leveling,  58,500 
new  structures,  365,000  acres  of  sprinkler,  and  57,000  acres  of  automated 
surface  irrigation  would  have  to  be  installed.  An  additional  763,000  acres 
of  irrigation  water  management  is  also  needed  to  obtain  this  goal.  See 
table  V-b. 

Nearly  $378,000,000  or  about  $257  per  acre  would  have  to  be  expended  to 
install  all  the  improvements.  See  table  VIII. 

Many  benefits  of  additional  late  season  supply,  more  efficient  conveyance 
and  on-farm  irrigation  systems,  and  better  irrigation  water  management  include: 

1.  Providing  an  adequate  supply  most  years  to  all  irrigated  acres  except 
waterspreading  systems. 

2.  Reducing  water  withdrawals  from  streams  by  over  two  and  one-half  million 
acre-feet  annually. 
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3.  An  annual  reduction  of  seepage  exceeding  two  million  acre-feet. 

4.  Reduction  in  salt  pickup  from  the  land  by  678,000  tons  annually. 

5.  Reclamation  of  many  wet  and  seeped  lands  and  halting  further  development 

of  seeped  lands. 

6.  Increased  production  of  higher-valued  crops  and  increased  yields. 

Figure  III,  the  irrigation  water  budget  for  the  present  and  year  2000, 

shows  the  effect  irrigation  improvement  would  have  on  the  water  resource  of 
the  subbasin.  A substantial  reduction  is  noted  in  gross  diversions  and  con- 
veyance and  farm  losses. 

Improvement  of  off-farm  conveyance  systems  would  have  to  be  accelerated 
to  meet  the  year  2000  goal.  Conversion  to  sprinkler  irrigation  would  have  to 
be  accelerated  many  times.  An  intensive  water  management  training  program  is 
essential  to  obtain  projected  improvements. 

YELLOWSTONE  RIVER  SUBBASIN 

The  Yellowstone  River  Subbasin  is  that  part  of  the  Missouri  River  Basin 
drained  by  the  Yellowstone  River  and  its  tributaries.  About  one-half  of  the 
Yellowstone  River  drainage  is  in  Montana  and  one-half  is  in  Wyoming.  Its 
northern  boundary  in  Montana  runs  roughly  from  the  northwest  corner  of  Wyoming 
to  the  northeast  corner  of  Montana.  A small  portion  of  southeastern  Montana 
drained  by  the  Little  Missouri  River  is  included  with  the  Yellowstone  River 
Subbasin  for  purposes  of  this  study. 

The  Yellowstone  River  heads  in  the  mountains  of  Wyoming  just  south  of 
Yellowstone  National  Park  and  flows  north  through  the  park  into  Montana.  In 
Montana  it  turns  northeasterly  and  flows  along  the  northern  boundary  of  the 
subbasin  to  its  confluence  with  the  Missouri  River  near  the  Montana-North 
Dakota  state  line.  The  major  tributaries  all  enter  the  Yellowstone  River 
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from  the  south  and  include  the  Clarks  Fork  of  the  Yellowstone,  Bighorn, 

Tongue,  and  Powder  Rivers. 

The  two  major  physiographic  areas  which  characterize  this  subbasin  are 
the  mountainous  western  portion  and  Missouri  Plateau.  The  western  portion 
contains  part  of  the  Rocky  Mountain  system  and  is  characterized  by  high 
mountains  separated  by  countless  streams  and  valleys  descending  to  the 
Yellowstone  River  valley  and  plains  to  the  east.  The  larger  part  of  the 
subbasin  is  characterized  by  a broad  expanse  of  rolling  topography  dissected 
by  intermittent  streams  of  the  unglaciated  Missouri  Plateau  of  the  Great  Plains. 
The  mountains  are  forested  while  the  plains  are  grass  covered  interspersed  with 
some  wheat  fields.  Irrigated  crops  are  generally  limited  to  valley  lands. 

The  climate  of  the  Yellowstone  River  Subbasin  is  one  of  wide  variations 
in  temperature  and  precipitation.  Average  annual  temperatures  vary  by  as  much 
as  48°F  within  the  subbasin  with  extremes  ranging  from  100°F  above  to  40°F 
below.  Average  annual  precipitation  ranges  from  70  inches  in  the  mountains 
to  12  to  14  inches  in  the  eastern  prairies.  One  area  along  the  Clarks  Fork 
of  the  Yellowstone  River  near  the  Wyoming  state  line  receives  only  5 to  7 
inches. 

This  subbasin  receives  most  of  its  water  yield  from  snowpack  in  the  high 
mountains.  The  plains  areas  contribute  very  little  to  streamflow.  Over  one- 
half  of  the  supply  in  the  Yellowstone  River  is  produced  in  Wyoming.  Of  the 

35.447.000  acre-feet  of  surface  water  yield  in  Montana,  about  14  percent  or 

5.052.000  acre-feet  are  produced  in  the  subbasin.  Another  6,647,000  acre-feet 
enter  Montana  from  Wyoming.  These  figures  include  the  yield  of  the  Little 
Missouri  drainage.  See  table  II. 

There  are  about  25,164,000  acres  in  the  Yellowstone  River  Subbasin, 
including  the  Little  Missouri,  with  about  2.9  percent  or  731,800  acres  under 
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irrigation.  Irrigated  pasture  (19  percent)  and  hay  (44  percent)  are  the 
major  crops.  Irrigated  hay  production  accounts  for  53  percent  of  the  hay 
produced  in  the  subbasin.  There  are  about  7,162  farms  in  the  subbasin,  of 
which  about  3,000  have  some  irrigated  land.  The  sales  of  agricultural  pro- 
ducts in  1969  amounted  to  $185,670,000  with  an  average  of  $25,900  per  farm. 

Gross  diversion  of  streamflow  for  irrigation  is  about  4,303,000  acre- 
feet,  which  is  about  85  percent  of  the  subbasin  water  yield  produced  in 
Montana.  Irrigation  and  associated  uses  consume  only  1,112,000  acre-feet 
or  22  percent  of  the  Montana  yield.  Of  731,800  acres  irrigated,  224,600 
acres  are  short  426,000  acre-feet  at  the  diversion.  See  table  Ill-a.  These 
acres  include  158,300  acres  that  are  classified  as  water spreading;  most  of 
the  other  66,300  acres  are  supplied  by  smaller  streams  that  are  short  of 
water  after  the  snowmelt  season.  About  171,000  acre-feet  of  irrigation 
storage  has  been  built  to  provide  late  season  supply.  Another  59,000  acre- 
feet  of  reservoir  storage  are  needed  for  late  season  use  by  year  2000.  Added 
storage  along  with  additional  diversions  and  pumping  from  larger  streams, 
ground-water  development,  and  improved  irrigation  efficiencies  would  reduce 
shortages  to  215,000  acre-feet  by  year  2000.  See  table  Ill-b.  Most  water- 
spreading systems  do  not  have  opportunities  for  improved  supply. 

Off-farm  conveyance  systems  contain  nearly  4,500  miles  of  canals  and 
laterals  used  to  carry  water  to  the  farms.  About  39  percent  of  the  conveyance 
systems  are  adequate  to  serve  farms  irrigated  from  them.  Less  than  one  per- 
cent of  the  canals  and  laterals  are  lined.  About  1,997,000  acre-feet  or  46 
percent  of  the  water  diverted  is  delivered  by  off-farm  conveyance  systems. 

See  table  IV-a.  Improvements  consisting  of  820  miles  of  canal  consolidation, 
1,630  miles  of  lining,  and  8,300  new  irrigation  structures  are  expected  by 
year  2000.  This  would  improve  conveyance  system  efficiency  to  about  71 


percent.  See  table  V-a. 
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Off-farm  return  systems  are  not  adequate  for  32  percent  of  the  irrigated 
land.  New  or  improved  return  systems  are  needed  to  provide  outlets  for  seeped 
areas  and  natural  and  irrigation  waste  waters.  About  460  miles  of  waterways 
and  drains  need  to  he  installed  by  year  2000.  See  table  V-a.  Reduced  canal 
seepage  and  improved  on-farm  efficiency  would  arrest  development  of  seeped 
lands  and  help  improve  them. 

About  33  percent  or  244,700  acres  have  adequate  on-farm  irrigation  sys- 
tems, while  only  13  percent  or  93,800  acres  have  good  irrigation  water  manage- 
ment. See  table  IV-b.  About  47  percent  of  the  water  delivered  to  the  farm 
is  being  used  by  crops.  By  year  2000  on-farm  efficiency  is  expected  to  be 
57  percent  as  the  result  of  installing  1,350  miles  of  canal  lining  or  pipe- 
lines, leveling  another  88,600  acres,  installing  over  54,400  new  irrigation 
structures,  converting  102,000  acres  to  sprinkler,  automating  141,000  acres, 
and  obtaining  good  irrigation  water  management  on  294,000  acres.  See  table  V-b. 

Present-day  costs  of  anticipated  improvements  are  estimated  at 
$251,000,000  for  an  average  of  $342  per  irrigated  acre.  See  table  VI-11. 

Effects  of  additional  late  season  supply,  more  efficient  conveyance 
systems,  and  improved  on-farm  irrigation  systems  and  water  management  include: 

1.  An  adequate  irrigation  water  supply  to  irrigated  lands  most  years  with 
the  exception  of  waterspreading  systems. 

2.  A reduction  in  withdrawals  of  about  1,760,000  acre-feet  annually. 

3.  A reduction  in  annual  seepage  losses  of  about  1,300,000  acre-feet. 

4.  Reduction  of  salt-loading  of  streams  by  nearly  660,000  tons  annually. 

5.  Arresting  development  of  wet  and  seeped  lands  and  reclaiming  many  of  them. 

6.  Substantially  increased  yields  and  raising  of  higher  valued  crops  due  to 
adequate  water  supply  and  better  management. 
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Figure  IV  compares  the  present-day  irrigation  water  budget  with  that  of 
year  2000. 

Rates  of  application  of  improvements  of  off-farm  conveyance  systems  would 
have  to  be  accelerated  to  accomplish  needs  by  year  2000.  Development  of  auto- 
mated surface  irrigation  is  necessary  to  obtain  projected  improvement  of 
on-farm  irrigation  efficiencies  along  with  an  intensive  educational  program 
in  irrigation  water  management. 


-26- 


FIGURE  IV 
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TABLE  I 


IRRIGABLE  LAND  IN  MONTANA 


1/ 


: TOTAL 


COUNTY 

CLASS  1 : 

CLASS  2 = 

CLASS  3 : 

CLASS  3C  : 

IRRIGABLE 

Beaverhead 

9,469 

25, 194 

239,494 

7,826 

281,983 

Big  Horn 

10,548 

178,049 

121,079 

0 

309,676 

Blaine 

0 

97,120 

111,380 

0 

208,500 

Broadwater 

561 

24,294 

120,192 

0 

145,047 

Carbon 

512 

19 , 849 

52,021 

0 

72,382 

Carter 

293 

4,559 

79,768 

0 

84,620 

Cascade 

26,453 

69 , 87  7 

112,799 

0 

209,129 

Chouteau 

0 

7,474 

566,112 

0 

573,586 

Custer 

2,115 

30,769 

55,455 

0 

88,339 

Daniels 

930 

41,761 

282,147 

0 

324,838 

Dawson 

4,841 

181,750 

322,281 

0 

508,872 

Deer  Lodge 

0 

16 , 879 

52,284 

0 

69 , 163 

Fallon 

123 

5,725 

69,945 

0 

75,793 

Fergus 

632 

190,431 

236,855 

6,152 

434,070 

Flathead 

27,531 

43,548 

217,488 

0 

288,567 

Gallatin 

1,135 

52,232 

176,201 

3,380 

232,948 

Garfield 

0 

18,457 

34,034 

0 

52,491 

Glacier 

67,383 

113,592 

228,901 

52,796 

462,672 

Golden  Valley 

282 

8,053 

105,149 

0 

113,484 

Granite 

0 

207 

62,076 

0 

62,283 

Hill 

0 

5,614 

745,949 

0 

751,563 

Jefferson 

0 

10,225 

75,463 

1,042 

86,730 

Judith  Basin 

4,182 

201,850 

150,079 

0 

356,111 

Lake 

0 

10,632 

168,859 

0 

179,491 

Lewis  and  Clark 

0 

6,778 

92,825 

6,801 

106,404 

Liberty 

1,120 

92,212 

321,962 

0 

415,294 

Lincoln 

3,397 

14,106 

146,530 

3,850 

167,883 

Madison 

670 

49,590 

167,501 

6,068 

223,829 

McCone 

212 

23,635 

64,975 

0 

88,822 

Meagher 

0 

48,582 

52,654 

624 

101,860 

Mineral 

0 

783 

21,607 

0 

22,390 

Missoula 

0 

7,485 

159,066 

5,002 

171,553 

Musselshell 

1,315 

9,677 

82,116 

0 

93,108 

Park 

0 

28,299 

69,787 

9 

98,095 

Petroleum 

0 

9,326 

22,073 

0 

31,399 

Phillips 

7,023 

5,772 

190,389 

0 

203,184 

Pondera 

152 

12,023 

157,661 

0 

169,836 

Powder  River 

60,839 

237,858 

96,735 

0 

395,432 

Powell 

950 

25,392 

85,144 

10 , 866 

122,352 

Prairie 

1,157 

41,267 

49,227 

0 

91,651 

Ravalli 

0 

11,324 

46,417 

414 

58,155 

Richland 

1,348 

37,304 

155,127 

0 

193,779 

Roosevelt 

1,555 

32,435 

358,009 

0 

391,999 

Rosebud 

3,732 

94,302 

31,234 

0 

129,268 

Sanders 

0 

7,186 

174,978 

0 

182,164 
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TABLE  I 

IRRIGABLE  LAND  IN  MONTANA  (Continued) 


COUNTY 

CLASS  1 

CLASS  2 

CLASS  3 

CLASS  3C 

TOTAL 

IRRIGABLE 

Sheridan 

47,992 

248,044 

136,683 

0 

432,719 

Silver  Bow 

0 

10,824 

55,606 

0 

66,430 

Stillwater 

0 

2,473 

17,065 

0 

19,538 

Sweet  Grass 

0 

40,006 

61,073 

0 

101,079 

Teton 

7,579 

78,581 

98,244 

1,163 

185,567 

Toole 

325 

5,377 

199,13  2 

0 

204,834 

Treasure 

11,518 

46,111 

24,875 

0 

82,504 

Valley 

1,017 

95,227 

238,622 

0 

334, 866 

Wheatland 

101 

84,599 

197,223 

9,383 

291,306 

Wibaux 

9,476 

38,120 

37,702 

0 

85,298 

Yellowstone 

9,959 

137,194 

86 , 20 1 

0 

233,354 

STATE  TOTAL 

328,427 

2,940,033 

8,084,454 

115,376 

11,468,290 

Source:  Montana  Department  of  Natural  Resources  and  Conservation 

1/  The  land  classification  system  for  determining  irrigable  land  used  by 
the  Montana  Department  of  Natural  Resources  and  Conservation  separates 
the  land  areas  into  (1)  lands  having  potential  for  irrigation  termed 
"irrigable"  in  contrast  to  (2)  the  inferior  "nonirrigable"  lands  which 
are  unsuited  for  present  or  future  irrigation  because  of  unfavorable 
characteristics.  The  term  "irrigable  land"  as  used  in  this  classifi- 
cation, includes  land  with  soils,  topography  and  drainage  features 
that  are  suitable  for  irrigation  by  gravity  or  sprinkler  methods. 

Lands  classed  as  "irrigable"  have  soil,  topography  and  climate  that 
will  support  sustained  irrigated  agriculture.  Availability  of  water 
is  not  a factor  in  this  survey. 

Lands  which  are  classified  as  "irrigable"  are  divided  into  classes 
on  the  basis  of  their  relative  suitability  for  irrigation  farming. 
Class  1 represents  irrigable  land  with  potentially  high  productive 
value;  class  2 represents  land  of  intermediate  value;  and  class  3 
includes  land  of  the  lowest  value  that  may  be  considered  suitable 
for  irrigation. 
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The  following  tables  II  through  VIII  are  summaries  of  county  data 


grouped  by  river  subbasins  for  the  state  of  Montana. 


TABLE  II— WATER  SUPPLY  AND  USE 
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TABLE  Hl-a— PRESENT  IRRIGATION  WATER  DIVERSION  REQUIREMENTS  -/  (Continued) 
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Musselshell  ; 11.6  : 1.68  19.5  66  18.9  53  17.3  35  36.2  55.7  55.7 

n , : (0.5);  (0.8)  (80)  (0.1)  (50)  (0.2)  (40)  (0.3)  (2.1)  (0.5)  (1.6) 

Petroleum  ; 10.0  • 1.53  15.3  75  10.2  50  15.3  (37)  25.5  40.8  40.8 

(4-0)-  (6.1)  (90)  (0.4)  (65)  (1.4)  (58)  (1.8)  (10.5)  (4.4)  (6.1) 
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TABLE  I V-b( 2)-- INVENTORY  OF  EXISTING  ON-FARM  IRRIGATION  SYSTEMS  (Montana)  (Continued) 
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TABLE  I V-b( 2) — INVENTORY  OF  EXISTING  ON-FARM  IRRIGATION  SYSTEMS  (Montana)  (Continued) 
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1/  Total  irrigated  land  acreage  by  county  includes  waterspreading  acreage  in  parentheses. 
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]_/  Waterspreading  acreage  and  data  in  parentheses. 
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V Total  irrigated  land  acreage  by  county  includes  watersnreading  acreage  in  parentheses. 
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